The purpose of this study is to examine the nature of performance measures utilized by the maintenance function in today's business organizations. In the process, the increasing variety and significance of these measures are addressed from operational and strategic perspectives. A survey-based research method was utilized to gather the research data.
INTRODUCTION
Closed system organizations of the near past either ignored the maintenance function, or incorporated it into the rework aspect of operations. The focus of the closed system organizations with regard to maintenance was on the machine. In this context, keeping the machines running meant more production, leading to higher efficiency. In such operational environment, maintenance was reactive in nature.
Maintenance management was not a popular term, as there were not too many dimensions and aspects of maintenance to manage (Simões, Gomes, and Yasin 2011) .
The advent of new operational technologies gave more relevance to maintenance (Swanson 1997) . Environmental factors, such as increased emphasis on reduction of waste, also gave more importance to the maintenance function of the organizations (Cooke 2003) . The increased competitive pressure forced organizations to utilize reliability and dependability, as a competitive weapon. This, in turn, enhanced the role of maintenance in the business organizations. On one hand, daily production activities, such as planning (Fitouhi and Nourelfath 2014) , scheduling (Luo, Cheng, and Ji 2015; Lu, Cui, and Han 2014) , assigning procedures (Ishizaka and Nemery 2014) , and quality control (Chen 2013) have been improved through the effective integration of maintenance activities. On the other hand, production procedures and politics like the quality management approach can contribute to improve maintenance performance (Maletič, Maletič, and Gomišček 2014) .
In short, today's open system organizations are finding it necessary not to only manage the different aspects of maintenance, but rather to utilize maintenance management strategically. In this context, well-managed maintenance activities, resources, and different aspects require a carefully-designed strategy. This strategy must be consistent with the organization's overall strategy. In order to enhance organizational competitiveness maintenance managers are being challenged to unify maintenance activities, resources, and procedures in order so support the strategic Exploring these relevant practical questions for 120 maintenance measures has significant practical implications to managers and researchers. As such, this study contributes to the practice and art of utilizing maintenance measures to promote organizational, operational and strategic goods. This research study is guided by the conceptual framework in Figure 1 . The figure is partially based on the available literature (Lee and Scott 2009; Simões, Gomes, and Yasin 2011; Robson, Trimble, and MacIntyre 2013) . However, it also emphasizes the growing significance of maintenance in today's business organizations. As such, the importance of performance management of this critical organizational function is systematically explored.
[Insert Figure 1 here]
BACKGROUND AND RELEVANT LITERATURE
During the last thirty years, the global market evolution has forced organizations to continuously change their practices and processes in order to maintain and improve their competitiveness. In this context, these organizations have been using several performance measurement and management approaches to support their track to excellence (Gomes, Yasin, and Lisboa 2004a; Franco-Santos, Lucianetti, and Bourne 2012) .
The examination of the recent literature reveals certain key themes of performance measurement and management approaches in response to this new century of dramatic environmental and market changes. The first key theme tends to underscore a trend towards emphasizing the dynamic nature of performance measurement and measures (Jakobsen, Nørreklit, and Mitchell 2010; Srimai, Radford, and Wright 2011; Bisbe and Malagueño 2012) . The second key theme highlights the importance of information and related systems to the performance measurement process (Nudurupati et al. 2011; Bevanda, Sinkovic, and Currie 2011; Taylor and Simões, Gomes & Yasin, "Changing Role of Maintenance in Business Organizations: Measurement versus Strategic Orientation", International Journal of Production Research, 2015 . http://dx.doi.org/10.1080 /00207543.2015 4 Taylor 2013). The third key theme focuses on the need for a strategic approach to the performance measurement effort (Aracıoğlu, Zalluhoğlu, and Candemir 2013; Srimai, Radford, and Wright 2011) .
The importance of the human factor to the effectiveness on the measurement process is also stressed in the literature (Tung, Baird, and Schoch 2011; FrancoSantos, Lucianetti, and Bourne 2012; Srimai, Radford, and Wright 2011) . Overall, linking performance measurement and measures to continuous improvement efforts appear to be gaining more importance (Arzu Akyuz and Erman Erkan 2010; Ho, Wu, and Wu 2013; Franco-Santos, Lucianetti, and Bourne 2012) .
Despite maintenance being an organizational function, its performance measurement aspect seems to be comparatively difficult (Garg and Deshmukh 2012) .
In the past, maintenance was seen only as a source of cost. Therefore, the maintenance performance measurement was limited to budget reporting (Garg and Deshmukh 2006) . More recently, maintenance activities began to be used as a valueadding activity (Sharma, Yadava, and Deshmukh 2011; Kutucuoglu et al. 2001; Goyal and Maheshwari 2012; Kumar et al. 2013) . Therefore, a multidimensional performance measurement and management approach needs to be used. However, performance measurement related to maintenance approaches which mainly focus only on cost can be found in literature (Sinkkonen et al. 2013 ).
The adoption of new maintenance strategies has been a strong contributor to slowly shifting away from this cost based approach. According to the literature, the most effective of these strategies is Total Productive Maintenance (TPM). It is presented as a source of organizational improvements with a strong focus on the Simões, Gomes & Yasin, "Changing Role of Maintenance in Business Organizations: Measurement versus Strategic Orientation", International Journal of Production Research, 2015 . http://dx.doi.org/10.1080 /00207543.2015 5 people (Kulkarni and Dabade 2013) , and as a next step to extend the benefits of the Total Quality Management (Brah and Chong 2008) . It also has been a fundamental contributor to new maintenance performance measurement approaches such as the Overall Equipment Effectiveness (Garg and Deshmukh 2006) , and other related broader performance measurement tools, including overall factory effectiveness (OFE), overall plant effectiveness (OPE), overall throughput effectiveness (OTE), production equipment effectiveness (PEE), overall asset effectiveness (OAE), total equipment effectiveness performance (TEEP), and manufacturing operational effectiveness (MOE) (Gomes, Yasin, and Lisboa 2007; Muchiri and Pintelon 2008) The implementation of TPM initiatives has been used as a driver for the integration between production and maintenance strategies. In this context, the successful implementation of TPM can facilitate better performance, which lends itself to better organizational competitive advantage (Ahuja and Khamba 2008) . However, this is not an easy task. Sometimes, non-successful TPM implementations can have an adverse effect, which becomes a barrier to the process of achieving organizational competitiveness (Belekoukias, Garza-reyes, and Kumar 2014) .
Effective maintenance management has been stressed by literature for several reasons. Firstly, maintenance management is stressed due to the rising cost of maintenance in relation to operational costs (Garg and Deshmukh 2006) . Secondly, due to the important role it plays in the facilities management (Meng 2011; Mangano and Marco 2014) . Lastly, effective maintenance management is sought after due it its direct effect on the safety concerns in health-care organizations (Shohet, LavyLeibovich, and Bar-On 2003; Lavy and Shohet 2009 ). Simões, Gomes & Yasin, " Changing Role of Maintenance in Business Organizations: Measurement versus Strategic Orientation", International Journal of Production Research, 2015 Research, . http://dx.doi.org/10.1080 Research, /00207543.2015 6 Despite the efforts of many organizations to align their production and maintenance strategies, it appears that the measurement of maintenance performance still faces a lack of understanding. This gap has led to an under appreciation of the real value of the maintenance function for the organizational competitiveness (Berges, Galar, and Stenström 2013) .
Based on an extensive literature review, three relevant themes related to maintenance performance measures, measurement, and management emerged (Simões, Gomes, and Yasin 2011) . These themes include effective utilization of maintenance resources, total maintenance and information systems support, measurement, measures, and human factor management. These themes clearly incorporate the critical aspects of an effective maintenance system.
Based on a more recent literature review, it seems that not much progress has been made regarding the process of actually designing and implementing a practical maintenance performance measurement framework (Parida et al. 2015) . This leaves maintenance managers with many questions and few answers when it comes to adopting practical maintenance measures and measurement processes. As such, maintenance performance measures and measurement process continues to pose a serious practical challenge to managers (Parida et al. 2015) .
The literature also suggests a large number of maintenance performance indicators under various categories to assess maintenance contribution to the business objectives (Muchiri et al. 2010; Simões, Gomes, and Yasin 2011; Garg and Deshmukh 2012) . However, it seems to be difficult for maintenance managers to Simões, Gomes & Yasin, " Changing Role of Maintenance in Business Organizations: Measurement versus Strategic Orientation", International Journal of Production Research, 2015 Research, . http://dx.doi.org/10.1080 Research, /00207543.2015 7 decide the relevant performance measures to use in each situation (Muchiri et al. 2010 ).
Like in other performance measurement organizational contexts, measuring maintenance performance by considering only financial impacts might help to improve the internal processes of the maintenance function. However, such practice fails to measure the impact of maintenance strategies on other organizational dimensions such as production, logistics, customers, and employees (Kumar et al. 2013) . In this context, well-defined maintenance performance measures can help the identification of performance gaps and provide guidance towards closing these gaps (Muchiri et al. 2010) .
In order to support maintenance performance measurement approaches, effective information systems are in need. To recognize specificities of the maintenance management and their impact on the organizational performance, the maintenance management information systems began to appear in the 1980s (Garg and Deshmukh 2006) . The 1980s was also the decade that marked the major changes in the way companies measured their organizational performance (Gomes, Yasin, and Lisboa 2004b) .
Since that period, maintenance information systems have changed in several aspects, following the development of corporate information technologies. These changes helped to view maintenance as an integrated part of the business (Kans 2009 ). Thus, it is considered a strategic instrument to improve the organizational competitiveness. Despite the abundance of research related to performance measures, measurement, and management this has not been the case for research dealing with performance measures, measurement, and management in the area of maintenance.
Such research remains scarce in terms of both theoretical development and applications. Although in recent years, such research has become broader in nature and in the process incorporated the role of information technology, human factor, and some aspects of continuous quality improvements, it still is discreet in nature and lacks an organizational-wide strategic orientation. Despite its importance, impirical research in this area aimed at the development of theory and applications is still slow in forthcoming.
The literature reviewed highlights the evolution of the role of maintenance activities. In this context, closed system organizations focused on machine-specific maintenance activities. As these organizations evolved into open systems the focus with regard to maintenance shifted toward a more integrated function. As such, they tended more to utilize preventive maintenance to increase the quality and reliability of their products. However, the literature regarding the strategic role of maintenance is still lacking. Therefore, the information of the maintenance strategy into the overall organizational strategy is still in need of further research. This leaves more room for research which aims at the practical utility of maintenance to the organization and its strategy. The current study attempts to explore the different facets of maintenance and their practical implications in today's open system organizations.
In the process, the study contributes to the scarce literature through sparking the interest in this important yet relatively neglected field of knowledge. While the aim of this current research is practical in nature, it nevertheless also challenges researchers to develop theoretical frameworks which lend themselves to offering practicing managers useful applications. As organizations move toward the open system mode of operations, such research will be valuable in defining the strategic competitive role of maintenance.
METHODOLOGY

Sample and Procedure
To meet the objective of this study, one thousand six hundred and five (1605) maintenance managers of Portuguese business organizations associated to APMI (Portuguese Association of Industrial Maintenance) were invited to participate on an online questionnaire.
Ninety-five (95) completed responses were received. This resulted in a response rate of approximately 6%. While the response rate is relatively low, it compares favourably with similar operations surveys (Shah and Ward 2002; Scannell, Calantone, and Melnyk 2012; Huan et al. 2008; Wu, Melnyk, and Swink 2012) . Given the fact that the survey instrument was quite time-consuming to complete, the response rate is considered reasonable.
According to Table 1 , the sample includes business organizations from different industries. These business organizations represent different sizes, both in terms of the number of employees, as well as in terms of the number of machines requiring regular maintenance.
[Insert Table 1 here]
Instrument
The instrument utilized for the purpose of this study was designed based on an extensive literature review (Simões, Gomes, and Yasin 2011) and interviews with maintenance managers. Initially, the instrument utilized was subject to acclimatization to suit the Portuguese manufacturing practices. Upon completion of the initial stage, the instrument submitted to a group of professionals, consisting of practitioners and academicians. This effort focused on ensuring the utilization of terms that are familiar to the participating managers.
The final version of the research instrument was composed of one hundred and twenty-four (124) maintenance performance measures. However, four measures were dropped during the data validation process. Therefore, only 120 performance measures were used in this study (Appendix). The measures utilized in this study are grouped into eight classifications. The respondents were asked to evaluate the characteristics of the different measures on a scale ranging from 1-5.
Models, Variables, and Data Analysis
The data obtained from the participants was analysed using several statistical methods in order to assess the profiles of maintenance managers with regard to the different maintenance measures utilized. Although simple in nature, these methodologies are effective and have been used in some studies related to performance measurement and management (Foster and Gupta 1994; Dempsey et al. 1997; Gomes, Yasin, and Lisboa 2004a; Gomes, Yasin, and Lisboa 2006; Gomes, Yasin, and Lisboa 2011) . 
Cluster Analysis Results
Results of cluster analysis related to frequency of use of maintenance performance measures are presented in Table 2 . Based on these results, nineteen performance measures from six categories were selected as the most used (Cluster 1). Two observations stand out in terms of the utilization of the maintenance performance measures. The first observation relates to the lack of measures from two categories, namely D-Maintenance strategies, and H-Environment.
As organizations are more and more open to their environment, the need to initiate, monitor, and improve performance aspects related to the environment will become more critical. In this context, the role of maintenance activities in bridging the gap between the organization and the different stakeholders in the environment will gain more relevance. Therefore, the strategic role of maintenance will take on an organizational wide importance. As such, a discrete and piece-approach to maintenance performance measures and measurements will no longer be sufficient to support the customer orientation strategic approach of the environmentally sensitive organization.
[Insert Table 2 Moreover, three other performance measures were included, (B29-Reliability for each machine, A16-Trainning maintenance personnel, and D71-Preventive maintenance cost ÷ Total maintenance cost) reflecting a special concern on maintenance effectiveness. The two performance measures most used by maintenance managers are also the two with the highest predictive values.
[Insert Table 3 , 2015. http://dx.doi.org/10.1080/00207543.2015.1106611 15 Finally, it is to be noted that the group of measures located at the bottom of Table 3 due to having lower predictive values tended to include the same measures found in the same position in Table 2 (frequency of utilization). It also includes five more measures, which were located in cluster, four of the FU, also classified as less used measures. Table 4 In this context, these organizations need to consider modern information systems and related technologies in order to be able to track and improve maintenance performance measures pertaining to the environment and the strategic role of maintenance. Furthermore, these organizations stand to benefit from the training and development of their managers in order to better recognize the relevance of these measures. Such training should introduce the maintenance managers to the organizational value of these overlooked measures.
[Insert Table 4 here] Although most of the information needed to use these maintenance performance measures is mandatory by law and by accounting regulatory procedures, two observations stand out in terms of the these measures. The first observation relates to the existence of few measures, which show a concern of maintenance managers to the organizational effectiveness. The availability of information regarding the flexibility of the maintenance team, related to the balance between types of maintenance for each machine, and to the total cost of spare cost show that maintenance managers are beginning to have an open-system approach to maintenance management.
The second observation relates the lack of measures of categories F and G, which should be a concern for Portuguese companies. Although these measures require an extra effort in the relationship between different organizational departments they can be drivers for improving and maintaining production effectiveness. Table 4 also includes the measures with highest cost of information acquisition (Cluster 5). It seems that these maintenance performance measures are consistent with the measures that were found to have the lowest predictive value and the lowest frequency of utilization.
Regression Analysis Results
As was shown in Table 1 , the organizations surveyed present different sizes as measured by the number of machines with regular maintenance. Therefore, the way maintenance performance is gauged in those different organizations should be analysed. For that purpose, the model below is used. [Insert Table 5 here] Therefore, it is concluded that no significant differences exist between organizations with a small number of machines and their counterparts with a larger number of machines with respect to their profile of maintenance performance measures utilization.
Based on the results of this analysis, the above model was abandoned in favour of the general model initially proposed in the methodology section. Therefore, the linear function to be estimated is: [Insert Table 6 here]
In order to analyse the deviation of performance measures from the behaviour profile identified by the regression model, the residual errors from the estimated profile were analysed (Table 7) .
[Insert Table 7 here] Seven of the nine most commonly used measures belong to Maintenance tasks and actions category, while the other two belong to Maintenance team category and Production vs maintenance. On the other hand, five of the thirteen of the least commonly used measures belong to Production vs. maintenance category, four belong to the Maintenance strategies category, two belong to Machines and equipment category, one belongs to the Maintenance tasks and actions category, and one belongs to the Maintenance organization category.
Gap Analysis results
In order to better analyse the disparity between the usefulness of the measure and its information availability from the perspective of the maintenance managers, two groups were identified. The first group includes the measures with negative values for the gap indicator (Table 8a ). In relation to these measures, it is confirmed that available information exits in excess, since most of the measures can be extracted directly or indirectly from existing documents of business organizations.
However, the inclusion of measures of categories H-Environment and D-Maintenance strategies is to be noted. These measures were not selected for the first cluster of Table 2 . This means that, although they are the measures with more excess of information related to their predictive value, they are not the most used measures.
Due to the nature of these measures, this should be an important concern for executives of business organizations.
[Insert Table 8a here]
The second group includes the measures with positive values above the average (0.0577) for the GAP (Table 8b ). The inclusion of Overall Equipment Effectiveness (OEE) confirms the observation made earlier concerning the importance of this performance measure.
[Insert Table 8b here] Based on the cluster analysis, it is obvious that some measures are used more so than other measures. Based on the regression analysis, it appears that the predicted value of the given measure is the greatest predictor of the frequency of the utilization of that measure. Therefore, organizations should train their managers in identifying and using measures with high predictive values. In addition, organizations should make information about relevant measures measures with high predictive values) more readily available, as the ease of acquiring information was also found to be a predictor of the frequency of use of a given measure. 
CONCLUSION AND IMPLICATIONS
This study sought to further our understanding of the current maintenance practices and their implications to Portuguese organizations. Data related to onehundred and twenty (120) maintenance measures was collected from ninety-five (95) Portuguese maintenance managers. Cluster analysis, regression analysis, and GAP analysis were utilized for the purpose of this study. Based on the obtained results the following conclusions and implications are in order.
First, for the most part, the results appear to indicate consistency among usage, implementation, and accessibility of information with regards to measures that were analysed. Their rationale for using most of the studied measures seems to be attributed to the managers' perceptions of the measures' predictive values. The results show that maintenance managers, for the most part, are using measures which have relevance to the different facets of the maintenance process. Overall, information related to the most used measures appears to be readily available. In this context, the underutilization of measures of the environmental category, and the strategic category requires closer attention and actions from management. While such measures are gaining relevance in today's open system organizational environment, they are not being sufficiently used due to lack of information on such measures. As such, most organizational cultures of the studied organizations need to be modified in order to emphasize more the value placed on such measures. In addition, organizational investments in information systems to gather, organize, and utilize information related to such measures must be given priority. The lack of Finally, despite the increasing number of maintenance measures in the studied business organizations, management of these organizations should be concerned about the apparent lack of depth and scope of the utilization of some of these measures. The majority of the study's measures tended to focus on single and machine-specific measures. These measures are efficiency based, rather than systemwide effectiveness based. Therefore, although the number of maintenance measures appears to be increasing, the emphasis of the maintenance function and its efficiency appears to still be operational with a closed system orientation. 
